Mini and microchannel applications have become an important and attractive research area during the past decades. For micro systems design purposes, numerical and experimental studies have been conducted on flow and heat transfer characteristics of mini and microchannels and various friction factor and Nusselt number correlations have been proposed. Some researchers have tried to apply conventional tube correlations to mini and micro channels, rather than deriving new correlations. In this study, using commercial CFD software, flow and heat transfer characteristics in laminar and turbulent flow through circular channels are analyzed numerically. The applicability of conventional correlations in calculating the friction factor and Nusselt number is investigated. It is concluded that, in laminar regime conventional correlations can be used to calculate the friction factor for the channel sizes considered. In turbulent regime, however, numerical results for friction factor yielded greater values than those calculated by the conventional correlations. Numerical Nusselt numbers are found to be closer to the conventional values in laminar and turbulent regimes. In turbulent regime, on the other hand, Nusselt number values calculated with the microchannel correlations are determined to be greater than the numerical results and the values calculated with the conventional correlations.
INTRODUCTION
Fluid flow and heat transfer in microchannels has become a very important area because of the increasing demand for designing micro systems such as micro heat exchangers, micro cooling systems and biomedical systems. In literature, there are many studies done in this subject. Yun Heming et al. [1] investigated the flow and heat transfer by CFD modeling of the rectangular minichannels with hydraulic diameter between 0.2 and 1.4 mm. As a result they found that the friction factor increases with increasing aspect ratio and decreasing Reynolds number. Transitional Reynolds number decreases with decreasing hydraulic diameter. Celata et al. [2] experimentally studied the evaluation of frictional pressure drop by taking the channel diameter, shape and aspect ratio, inclination, working fluid and heat input into consideration in different channels having hydraulic diameter between 0.259 and 1.699 mm. As a result, they determined that Poiseuille and Blasius equations are valid regardless of the fluid, cross-section and inclination. Steinke and Kandlikar [3] reviewed the studies investigating the single-phase friction factor in microchannels and compared this literature with their experimental results. They concluded that conventional friction factor correlations are valid in laminar regime for the channel diameters considered. Adams et al. [4] investigated the forced convectional heat transfer of single-phase turbulent flow through circular microchannels having 0.76 and 1.09 mm diameter. They compared the results with a previous experimental data and concluded that the experimental and predicted Nusselt numbers fit each other within ± % 18.6. Owhaib et al. [5] experimentally investigated the heat transfer characteristics of single-phase forced convection of R134a through circular microchannels having 1.7, 1.2 and 0.8 mm inner diameters. They compared their experimental results with classical correlations and suggested correlations for microchannels. They found that the experimental results show good agreement with the classical correlations in turbulent region. Also they determined that none of the suggested correlations for microchannels agreed with the experimental data. Lelea et al [6] , numerically and experimentally studied the microchannel heat transfer and fluid flow for distilled water flowing with Re-number range up to 800 through 0.1, 0.3 and 0.5 diametered microtubes. They determined that the conventional theories including the entrance effects are applicable for the case considered.
SIMULATION DETAILS
In this study, flow and heat transfer in circular channels with hydraulic diameters ranging from 4 mm to 250 µm are investigated using conventional numerical models of FLUENT software. Applicability of the numerical software used for conventional channels with hydraulic diameters greater than 3 mm, is investigated for microchannels. FLUENT and GAMBIT software are used for numerical analysis. Numerical data thus obtained was compared with the values calculated by conventional correlations and existing relevant experimental data.
As shown in Fig. 1 , the fluid enters the channel with a prescribed temperature and velocity, rejects heat to the surrounding fluid through the channel wall and leaves the channel. Surrounding medium is considered as a liquid boiling in a pool in order to obtain high heat transfer coefficients at the tube outside surface. Water flow having an inlet temperature of 76 ºC with a Reynolds number ranging from 1000 to 20,000 in a circular channel has been assumed. The fluid boiling at 300 K outside the tube and copper as the tube material are employed as the boundary conditions. The outside heat transfer coefficient is interpreted to FLUENT as a function of outside surface temperature via a user defined function (udf) routine. Channel dimensions and Re number range considered are shown in Table 1 . Geometry and numerical grid are constituted using GAMBIT. 2D axi-symmetric geometry is used in numerical analysis. Boundary layer mesh is employed to obtain accurate results near the wall.
Numerical data are compared with the values calculated by the conventional Nusselt number and friction factor correlations used for circular macro channels. For comparison purposes, friction factor values for hydrodynamically developing regions in laminar and turbulent flow through circular channels are obtained from Rohsenow [7] . Hydrodynamic entrance length is calculated from 0.05 Re
in laminar region. In turbulent region, hydrodynamic entrance length is assumed to be twelve times the hydraulic diameter in accordance with Rohsenow [7] . Re Pr
Eq. 4 and Eq. 5, [9] , are for fully developed and entrance conditions, respectively. Turbulent heat transfer results are compared with 0.14
[9], and ( In addition to conventional correlations for channels with hydraulic diameters greater than 3 mm, an experimental microchannel correlation proposed by Adams et.al [4] , i.e.
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has also been used for comparison purposes.
RESULTS AND DISCUSSION

Friction Factors
Numerical and calculated friction factor values for circular channels having diameters between 4 mm and 250 µm are shown in Fig.s 2 to 6 . Data in Figure 7 indicates that, experimental microchannel friction factors deviate from conventional values, as Re number exceeds ~3000. This is more evident, if Fig.7 is reduced to experimental data of Bucci et al. [13] , alone. This reduced data set is plotted in Fig. 8 . In laminar region C * is close to unity while it suddenly increases in transitional region.
D = 4 mm
Nusselt Numbers
Numerical and calculated values for Nusselt numbers versus Reynolds number for circular channels considered are plotted in Fig. 9 to 13. [5, 6] , stating that the heat transfer characteristics in microchannels behave like macro scale pipes. By comparing the numerical results in this study with the calculated values, it is apparent that the conventional correlations are applicable to compute Nusselt numbers for the channel diameter range considered. As a result the present study supports the recent literature.
D = 4 mm
CONCLUSIONS
Heat transfer and flow characteristics for circular channels of diameter 250 µm to 4 mm are investigated numerically and the applicability of the conventional Nusselt number and friction factor correlations for microchannels is analyzed in this study. According to the numerical data and the values calculated by the conventional correlations, the key findings of the present study are as follows: 1. Conventional friction factor correlation for laminar flow is applicable for the channels with diameter range considered.
2. In turbulent regime, numerical friction factor values are greater than those calculated with the conventional correlations.
3. In laminar and turbulent regions, numerical and calculated Nusselt number values are found to be close to each other. The largest discrepancy occurs in transitional region.
4. In turbulent region, Nusselt numbers calculated with the microscale correlations deviate from the conventional and numerical values.
5. Although some studies, [4] , maintain the opposite, there are many studies, [5, 6] , determining that the heat transfer in microchannel behaves like a macro scale pipe. By evaluating the numerical and conventional values in this study, it can be concluded that the conventional correlations are applicable to predict the flow and heat transfer in microchannels having diameters in range considered. 
